DOCUMENT RESUME ‘ ' e

ED 229 739 N ' cs 007 114 .

AUTHOR Holzman, Thomas G.; Payne, M. Carr, Jr. - )
TITLE Short-Term Memory for Auditory Sequences and Reading
‘ . Skill. . .
PUB DATE ‘Apr 83 ,
* NOTE . l4p.; Paper presented at the Annual Meeting of the
' American Educational Research Association (Montreal,
Canada, April 11-15, 1983). \ :
PUB TYPE Reports - Research/Technical (143) --
o Speeches/Conference Papers (150) .
. EDRS PRICE MF01/PC01 Plus -Postage. i
- DESCRIPTORS Academic Aptitude; *Auditory Perception; Auditory
. Stimuli; *Cognitive Processes; Grade 5; Individual
r Differeénces; Intermediate Grades; Reading Ability; .

Reading Comprehension; *Reading Difficulties;
*Reading Researtch; *Retention (Psychology); *Short
Term Memory . .

ABSTRACT i | .

. , A study investigated connections between reading
difficulties and short term memory processes in order to explore the
psychological basig for séme individual- differences in reading
comprehensiomy skil?s. Drawing on previous research indicating that
poor readers were inferior to normal ones in judging whether two
patterns of long and short tones were the same, the study examined
-whether the groups differed in ability to accurately encode patterns
into auditory short term memory or in ability to maintain patterns in
memory after they have been stored. The study also investigated the
relationship among performance on a verbal sequential memory task, .
auditory digit span, and reading skill. Subjects, 35 normal and 63 ' -
poor fifth grade readers, were presented with pairs of Morse
Code-like patterns separated by 1-, 2-, 5-, and 10-second intervals,,
and asked to judge if the patterns were the samef\pesults showed that
poor readers performed significantly worse on pattern comparison only
at the longest. interval, suggesting an inability to maintain properly
encoded patterns and that poor retention ‘of information in short term

. memory probably results in both semantic and syntactic processing
breakdowns during.reading. Digit span correlated significantly with
reading ability, but not with pattern-comparison performance. Digit
span may be correlated with reading skill because of a common

¢ dependency on rapid coding of verbal stimuli. (FL) . '
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P) ; s Abstract | 4

. - Previous research indicated that pbor réaders were inferior to
¢ , = \
normal readers in judging whether two patterns of long and short tones
L : : .

s - :
were the same. The current study investigated whether the grodﬁﬁ dif-
fered in ability to accurately encode patterns into auditory short-term

o memory or in ability to maintain patterns in memory after they are
A .

A . N
- stored there. Normal and poor fifth-grade readers were presented ‘with

pairs of Morse code-like patterns separated by 1-, 2-, 5-, and 10- sec
intervals. Subjects judged whether thé patterns were thevsame._'The

study also investiéated the relationship between a verbal-sequential
"

~

memory task, auditory digit span, and reading skill.
Poor readers performed significantly worse on pattern comparison
only at the longest interval, suggesting an inability to maintain bto—

. perly encoded patterns. Poor retention of»information"in,short—term
. . ‘ -

4memory probably results in both semantic and syntactic processing

breakdowns during reading.

., l'a !

. N M ¢ 3\3
) Digits span correlated sigpificantly with reading dbility, but not

with pattern-comparison performance. Digit span may‘bé correlated with
o . reading skill because of a common dependency on rapid coding of verbal
N . R - ‘. . . B \

stimuli.: -7
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‘\ Reading disabilities pose a serious probiemifor our schools. Our
schools are not in.a good position to rectify these deficiencies be-~
. cause their cognitive unJerpinnings are'not'welllunderstood? lhe
current study’g;vestigated connections betmeen_reading disabilﬂries and

short-term memory processes in an attempt to explore the psychological.

*

~basis for some individual diffe%ences in reading comprehension skillo

%irch and ﬁelmont (1964) asserted that the difficulties of retarded
. ~ e
readers derive from their inability to form connections between visually

v

and auditorially goded information in short-term memory. Clearly,

reading instruction concentrates on the tranélation of'visuallycpre; K

- .

sented materials into sounds and Vice‘versa, so cross-mddal inteération
would certainly be a reasonao}e~place to\lobk,for‘indivi?ual differences
e ' *7 - Vs -

-affecting reading comprehension. ‘However, Birch and Belmont's investi-
N <>
1gation was flawed in that it confounded the temporal and sensorye*
. ) : T
properties of the sttmuli. The yisual stimuli in their experimental

,task were presented simultaneously,’and the auditory stimuli were
L . .
S

presented sequentially.

- '
More recent research has suggested these individual differences

v ¥ | ‘

reported by Birch and Belmont in reading comprehension derive largely Q-

- -

from variations in the ability to process sequential informgtﬁgn, per

se, rather tﬁan from differences in intersensory integration skills.
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Corkin (1974)7f0und‘ihat inferior elementary school feaders performed-

- less well than adequate?readq;s on tasks requiﬁﬁng seriél recall of

. ’ -

AY
aqgitorially presénted digits or reproduction of a series of taps on

-  cubes at different spatial locationms. Similarly; Zurif and Carson —
v . [ . -

, . . \ . I
(1970) found that normal and poor readgrs could be diytinguishe& by K

their ability to discriminate between successively presented sets of
- & .
1 N . ' o
rhythmic taps from the rhythm subtest of the Seashore Measures of Mu- .
' - . g . 2

k] ’/} @ .
‘\\ . sical Talents. Likewise, normal readers performed mbre atcurately on

»

3

an analogous ¥isual test théf used fh&thmiﬁ;patternS'Of light. -

‘ o ;1 Y These differences befeen reading-ability groups in short-term
& ’
memory for sequential ﬁhtGerqs are particularly strong and consistent

.

when the sequential patterns are'présented auditorially (Badian, 1977;

&0

Jones, 1974; Payne, Davenport, Domague, & Soroka, 1980). Payne et al.

,

s demonstrated the importance of sequential auditory short-term memory

in a study of Birch and Belmont's (1964) hypothesis;abbut the role of

intersensorytintegration in reading ability. "Payne et al. eliminated
) 5 . _ ‘
the dbnfounding~of intersensory int%gxation with sequential versus

: - . . :
N lsim&ltaneous presentation by presepting all stimuli sequentially. ¥

r

Subjects had to verify whether two sequential patterns of long and -

- short pulses and pauses were thé same or different. These Morse code- ‘
, . i L #
like pattern; were presented auditorially as series of beeping tones, - ()
I
. ‘- . . L] ! .
visually as different durations of activation of a light, and tactually
. R . .

‘as different leng%h vibrations of a plastic disc on* which' the subject's

.finggf'was placed. All nine possible combinations of the three sénsbfy
), : :

modalities ¥n two temporéi positions (first and second positions in the

- ~
N >
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. term memory was related to the-reading—comprehgnsion leve of their.- ~1
. ) . |
* readers differed in their ability to accurately encode the tonal-pat-

" the patterns in memotry after they were stored there. The current

- L , Sgprt—term Memory

k] N . %
3

. . - B . °
» .

comparison pair) were presented to normal and pogr readers in the third,

Ay

fourth, fifth, and sixth grades. -

Payne and his colleagues found that cross-modal. comparisons were
B A

Wore difflcult than intramodal comparisons, but this effect did not~

interact with grade }evel or reading—compreheﬁsions level and thus was’
: T 2 _ : ,

not a. source of individual{or develdpmental‘differeﬁceg. It was the .

auaditory mode that digcriminated'betweEn readiné 1ége1;.‘ Poor readers . .

?erformed éiéﬁificantlz worse tha; ndrmai readers when the girst pat;

tere was presented‘auhitoriaily, reggkdless of the~modality of presen4 @ |

tation of the se?Pnd pattern, Perferﬁbnces of the two greups digknot

differ’ 1f the presentatlon of the first pattern was Visual er tactual. %
0 ' |

‘Thus\the resultsof Payne et al.'s study indicated ﬁhat auditory short- : B

1 ’ »

-~

0 ~ . " ., ¢
stbjects. However, they did not determine whether normal\and ‘poor ™. %ﬁ -
1] N n j

- . s

. )
terns into auditgry short-term memory or in their ability to maintain -
/ , .

study a%%empted to res&lye this 1ssue.

&

The study also investlgated the relatj?nship between-auditory

|
- - / - o _—
X |
digit span end.reading disabilities'. Both\digit span and Payne et al.'s - j

. @

" (1980) duditory pattern-comparison task‘invol&e short—term‘éemory for : \
: |

\

|

' sequentiélly presented auditory phtterns. However, because digit span

F o . .
involveé'uerbql stimuli and. the experimeﬁtal pattern—comparison task

does not, these two tagks may assess' different components of

o

.
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comprehension skill..

) w v . ) . . v'\‘
Subjects : ) .

Subjgfts were ‘fifth-g¥ade students attending\ﬁflanta public schools
They were divided into two groups on the basis of scores on the Reading
. . . - v N . o
,Comprehension subtest of the Califormia Achievemeqt Tests. Each of 35

7

% . -
Subjeﬁ§s in the Normal Reader group scored within 1 standard etror of -

o ‘ . .
measurement of the national norm, and each of 63 subjects in the Poor

r
-

Reédef group scored at 1e§§t 2wye3rs below grade level.
. low gxz R

c

Procedure T

Subjects'were ind}viduaily examined on thngISC—RcDigit Span sub-
.ﬂ The patter{—comparison
E?sk consigtid of pairs of tonal patterns }ecéfded on audio tabe ﬁﬁiqh
the subjects haé to identify as béing the same or different. Each
pattern was cémposed froa three to five elements which weré either
1oﬁg (0.75 sec)kor short (0.23 sgc) tones’or pauses (0.25 seE).

Patterns within a pair were separated by a 3 sec interval in the
studyiéf Payqé‘et al. (1980). 1Im fhe current study retention intervals

.
£

of 1,°2, 5 and 10 sec were employed. Eaép subject withiﬁ each reading

group was assigned to one of these four time-interval conditions. If

v

¢

-

the compréhension difficulties of poor readers derive from an inability .

a9 -

to accurately encode information into anitory short—term memory, then

the two reQdingggoups'accuraciés should differ at all intervals.

Howe&er, if péor readers suffer primarily from an inability to maintain

.

- PN N
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an accurately encoded trace, ‘the differences between reading groups }
. s . ??I‘ s, . \ . /,‘ -

- would be expected to'be a function of interval 1ength o * ' \
| . . . N 3 I

Two sets-of practice patterns~were recorded_for each time-interval

] “z ~ v . i v
E) .

[y ~
condition, one set without pausés,add one set® with pauses. Each sub- e

\ . \ - . . S »
> v ject pradt?bed with-each set until -a criterion of three consecﬁtive”l’/. -
’ - : N © .

correct re§ponses occurred.A'The subject'was'then'presented with test .
: - L
% palrs that were the same 36 pairs of patterns employed by Payne et al.> " e

3,}'_ . S » .
(1980) R - o oo L

’ [ . S e . , . .

! : L - . '  Results : R
\ L ro fesults . :
l\\ 1 ) / . * ° - . R ) ) -
¢ . The results for the pattern-compaxison task are summarized in f /
i _ . v\ -~ . * = ’ - ) ."l
b .Figure 1. .Analysis of variance revealed significant effects for
- Y - .
: I Ty e

'Reading Groups EXl, 82) = 15.02, p < .001,.Time Intervals; F(3, 82)

= 4.15, p < .01, and Reading-.Groups X Time Intervals interaction,
" F(3, 82) = 3.%0, P < .05.&/X’test for simple effects of time intervals - .
showed that the& signjficant)y influenced poor*readers, F(1, 82) = 6.58,

Ed

p < .01, bu@ not normal readeds.. The difference in accuracy'between

the two groups of subjects was significant only at the 10—sec interval 2o

i (p < 01) when compared by Tuke?as HSD procedure. - -

¢ -

Consistent with previ0us research, (e.g., Badian 1977‘?Naidoo,
) . . DY N § .
q— 1972), a positive relationship was faund between readlng ability and ' , F\ e

digit span, as indicated by a significant biserial-correlation between

Reading. Group and WISC R Digi‘t Span (r ) = 52’;)_'< .001). However, PR
4

b ) the full set "‘of total (comblned forward and backward) digit spans did

s

not\correlate significantly with the full set of scores on the non-

verbal pattern comparison'task.’_When forward, backward, and total
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.digit spans were examfned separately for each reading group, forward\ '_f‘

digit span ‘was found to- correlate significantly wlth pattern—compari— )
4 » . ‘/’-

son perfoqmance forvthe Poor Reader,group (x = 33 p< .Ol), and
| ' i '

‘total digit span was - found to correfﬁte significantly with patte;n— LT

o ’ '
Y]

comparison performance for the Normal Reader group/(r ; .31, p‘< 105).

v
. . ! .
y -Conclusions AN

.

“ - Although both dégit span and auditory pattern comparison 1nvolve

short—term'memory for"Sequentiél auditoryupatterns; thei;‘relatiqnship.
- e M P
to each othér Aoes not appear to be very stfbng or COHSlstent. Both

tasks d1scr1m1nated between nor nd poof'readers, but they seenf%

»

[

.

to assess gomewhit different components of ‘reading comprehension.
. S { e - : .uf.

-

Recent research-(e.g., Ch1, 19963 Dempster, 1981,,Perfett1 & Lesgold

& .
. ‘ - .

1977 (; geseln k, 1980) has suggested that perhaps the mgst Crit) "

Y X

N ’ »e . .
N ical d&terminant of 1nd1v1dual differences in digit span is profic1ency°
s N

in identifying or &6ding the digits themselves. LaBerge and Samuels ) \
[ & .
(1974) have underscored the 1mportance of automatic coding of st1muli

<

“ \ -
4 e

¥ '-for reading comprehernsion. D1g1t span and reading comprehension ﬁay be

~ 9 PNt
interrelated because ¢f a tommon depeﬁdenc oh rapid vetbal coding.
. N ‘y&\.-“'. . . v . . .\
Verbal coding efficiency may not acco@nt-fully for observed dif-

-~

ferencés /in reading—comprehenSion skill, however. LHess and ,Radtke

B -
o

. - \ 3 ’ . : .

(1981) have asserted tfiat short-term memory processes occurring after
the completion of encoding also contribute to comprehension -proficiency.
6 T - :

7 . ’ d ‘e\ . & ’
The nonverbal pattern comparison task‘appears to disc;iminate bétween

normal and poor readers by reveallng differences in their ability to

maintaln informatlon in audltpry short-term memgry following encoding.

L . i » N <f§ . . .
N * . 4-1' . -

‘aw
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If encoding pgoficiency had been different between the reading groups

. N ron the patterm-comparison task, performanée of normal réaders should

Y
—_—

‘héve been superior to that of poor readers even at tHe shortest time

xS

. n

a

\
interval. Although some differences did occur between groups at each

? s B
q N .
‘time interval, the only significant difference occurred at \the longest
A . Sy -
. - . N .
intervafg‘ Normal readers' performance appeared to be umaffected by

‘the retention interval, but poor readers' performance deteriorat®d at-

~ N . -

the 10-sec interval., Obvibusly, an inability to maintain informatiop
Ly . . . .

Sy e
- " .

in short-térm memory could influence reading-comprehension levels. Ihl"

order to understand A proposition in a. text, the reader must be able

to relate newly read parts of the propositiSn to earlier read parts.
Likewise, the reader must®be able to reflate new prbpositions to pre-

viously read propositions %P order to develoﬁ a meéningful schema for

.

the text. How effectively dheoqan do this dgpends on how well the

garlier propositiqps are maintained in short-term mémory (Kintsch &
- P A .
’

van Dijk, 1978). . S, LA
A deficiency in the abiiity to maintain acoustic signéls of varying
durations may also underlie poor readers’ diffic%lty with squax.

978) found ability to reéognize syntax ‘to

be rthe best singie ﬁredig p-of feading comprehension in normal and

[N

) has asserted that speech is gdverned
y . ' \ .
m pattern, and Hamill (1976) has

demonstrated a relationshiﬁ"rtweeﬁ the' timing of words spoken or read

-

in a phrase or sentence and

P
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Hamill found that college readers tended to 'assign® longer temporal du-

11

*rations'to high;information words, such as nouns and'verbs, than to

’ s °

low—information words, such as articles'and prepositions. Thus a cnild
N . . . 3 . — . .
who has difficulty maintaining temporal 1nformation in meRpTry might

C e

read poorly if t%,poral patterns are correlated with linguistie syntax

T N

in childreh as they are in college readers. o -
The correlannon between temporal components and linguistic syntax
4 . . ' .

snggests'an additional reason for the lack;of"relationship'%etween digit

N

span andsthe auditory pattern—congiflson procedure. Conventional

measures of digit span present digits at a constant rate. Although .
,; . 3,
; digits;&hemselves vary somewhat in temporal length, a "sequence of digits
: 15"’ v ’ . ) - . II ] . .
consid?red as a temporal pattern would ngt vary as much frob another
if , ~ ' S !

yatteé;~as the Morse code-like patternsAin the presegt~study."For this

qeasqg,kdigit span probably does not measure components correlated with -

. TE a ‘ g
syntgx as the auditory patternrcomparison procedure does. Although
- .

1 4 .

both Rrocedures discriminate between good and poor readers, they may do

5
sqéfor different reasons. . ) g ) i
{":’2’7 1 . I
H 13
&
Jq‘i .
A - :
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Figure 1. Méan'ﬁgmber of correct responses as a function of time

between patterns.
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